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Only recently have an increasing number of studies and publications about children in
prehospital care begun to emerge. A study by Harve et al. discovered that even though
children form a small proportion of all emergency medical services (EMS) contacts, their
care had several aspects that needed consideration. First, young children aged one or
less were overrepresented in children’s contacts with EMS. Second, falls, respiratory
problems, seizures, and poisonings accounted for half of all of their emergencies. Finally,
an unexpected number of children assessed by paramedics, was not transported to the
hospital [1].
Rooted in the Harve group findings, this study explored EMS contacts with chil-
dren in more detail, focusing on pediatric subpopulations such as children who had had
seizures, infants, and children who after evaluation by EMS personnel were not trans-
ported to any health-care facility. In addition, the aim of the research was to identify
risk factors for untoward outcomes in EMS contacts with children. Moreover, the study
investigated whether and how the COVID-19 pandemic and restrictions intended to curb
the pandemic impacted out-of-hospital (OOH) emergencies in children during the first
wave.
The thesis consists of four register-based retrospective cohort studies conducted in
the Helsinki University Hospital (HUH) area. Children under 16 years old formed the
study population overall, except in the one study where the study population comprised
0- to 11-month-old infants. The data on EMS contacts were gathered from both OOH
and in-hospital electronic patient-record systems (EPRS). The study periods lasted from
three months to five years.
EMS contacts with children were rare, comprising from 3.9% to 4.8% of all contacts.
Infants constituted about 0.4% of all EMS contacts. EMS contacts with children who
suffered seizures occurred in the 13% of pediatric missions. The non-transportation rate
was high and ranged from 26.7% in pediatric seizure patients to 60.1% in infants. The
non-transportation seemed to be safe, and hospitalization or pediatric intensive-care
unit (PICU) admissions were seldom necessary. On-scene mortality was low. Only a few
patients died during follow-up periods, and none of these deaths were traceable to EMS
contact.
The study recognized several risk factors for secondary outcomes after EMS contact
with children. Dispatch codes ”dyspnea”, ”vomiting/diarrhea” and ”mental illness” were
associated with unintended visit after non-transportation in general pediatric population.
In infants, dispatch codes ”dyspnea” and ”urgent dispatch before symptom-specific code
known”, as well as problems in the neonatal period were associated with hospitalization
and PICU admissions. In contrast, dispatch code ”low-energy fall” was less associated
with unintended visits after non-transportation, and hospitalizations and PICU admis-
sions in infants.
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Fewer EMS contacts with children occurred during the first wave of the COVID-19
pandemic. However, the proportion of children in the most urgently dispatched and
transported priority category A rose significantly. In addition, EMS personnel requested
additional help or mobile intensive-care unit (MICU) backup more frequently to the
scene. Thus, children appeared to be acutely more ill during the restriction period.
COVID-19 infection among children with EMS contact was infrequent.
In conclusion, EMS encounters with children were uncommon and around half of the
children were not transported after evaluation by EMS personnel. The current practice
appeared to be safe, when evaluated by hospitalization, PICU admissions, and mortality.
The high non-transportation rate may reflect the changing role of EMS and possible non-
medical needs of families with children. Taking into account the risk factors that were
identified in this study could further improve patient safety among EMS contacts with
children. Consideration that restrictions during the pandemic may have unexpected side
effects on children’s health may help to guide and direct restrictive measures during
future sudden pathogen outbreaks.
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Many aspects have to be considered when providing care to children in the out-of-hospial
(OOH) setting: young children are not able to communicate clearly and are thus unable
to narrate a reliable medical history or even explain what has happened or where does
it hurt. Children express special physical and developmental characteristics, and their
anatomy and physiology is age- and size-dependent. Teenagers may look like adults, but
are developmentally children - especially in psychological development, which continues
long after any observable physical changes [2]. The care of children, furthermore, al-
most always involves interaction not only with the patient, but also with the care-givers.
Finally, contacts with children are infrequent for emergency medical serivces (EMS) per-
sonnel [1, 3–5], and weight-based medication dosing in addition to size-based equipment
require special attention and alertness from EMS personnel [6–8].
Seizures are common in the pediatric population, but little is known about EMS
contacts with children undergoing seizures. Although febrile seizures have a good prog-
nosis [9], epilepsy may result in severe morbidity also in children [10]. In order to
avoid prolonged convulsions and development of status epilepticus, seizure termination
is essential [10]. EMS play a key role in recognizing seizures and providing vital treat-
ment [10,11].
Infants form a vulnerable and delicate subpopulation among EMS contacts with
children [12, 13]. Even though their proportion of all EMS contacts is minor, they are
overrepresented in pediatric EMS responses [1, 14]. Young children are also prone to
adverse events in health care and when attending to young children, EMS personnel may
experience challenges such as high emotional load, anxiety, and uncertainty [12,15,16].
Not all patients need EMS transportation to a health-care facility. However, non-
transport is not possible in every health-care system, and the concept of non-transport
has been under debate [17, 18]. At the same time as demand and expenses for health-
care services rise worldwide, the pressure to finding cost-effective solutions is high.
Non-transportation offers a reasonable alternative, and EMS comprehensively employ
non-transport protocols in Finland. Indeed, around four out of ten patients are not
transported in Finland [1, 19]. However, the safety of non-transportation needs to be
considered critically, especially in the pediatric population.
The invasion of the COVID-19 pandemic provided an opportunity to study EMS
contacts with children under exceptional circumstances. The contacts with health-care
facilities for other reasons decreased substantially because the population obeyed social
distancing- and self-quarantine recommendations [20,21]. Similar findings of a decreased
number in pediatric patients appeared in reports around the globe [22–26]. At the
same time, worried comments about possible collateral damage in children began to
emerge [27,28].
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Although interest in EMS contacts with children and publications on this topic ap-
pear to have risen lately, only limited research exists on the subject [3,13,29–32]. Based
on these unsettled questions and identified gaps in the literature, the aim of the present
study was to investigate characteristics, outcomes, and risk factors in EMS contacts with
children, especially in pediatric seizure patients, infants, and children who were evalu-
ated by EMS but were not transported to any health-care facility. Further, this study
explored whether and how the COVID-19 pandemic and restriction measures affected
OOH emergencies in a Finnish pediatric population.
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2 Literature Review
2.1 Pediatric out-of-hospital emergencies
2.1.1 Children and EMS
Children account for only a small proportion of all EMS contacts, ranging from 4.5% to
15% of patients [1,3–5,33]. Different proportions can be partially explained by inconsis-
tent definitions of a pediatric population. In Finland, the pediatric population in health
care consists of children under 16 years old [1], the upper age-limit for a pediatric popu-
lation reported in the studies ranges from 14 to ≤ 21 [34–37]. The Pediatric Emergency
Care Applied Research Network (PECARN) defines a pediatric patient as a person ≤
19 years of age [38].
Another explanation for variable proportions of EMS contacts with children is study
setting. Some of the studies have explored only subpopulations of pediatric OOH mis-
sions such as only those in which a physician is involved [11, 33, 34], only ones dealing
with trauma patients [37], or only patients who visit EDs of nonfederal and short-stay
hospitals [39].
Differences in dispatch and OOH protocols also exist [3, 40] and may explain, in
part, variations in proportion of EMS contacts with children. In this study, the term
”pediatric” includes all children under the age of 16, regardless of the reason behind their
EMS contact. A short description of studies on pediatric OOH patients is summarized
in Table 1.
2.1.2 Organization of EMS
EMS provide health care and transportation in the OOH setting for the acutely sick and
injured civilian population. That includes reaching the patient, assessing that patient’s
health status, performing possible interventions and giving health-care advice, and, if
needed, providing transportation to a health-care facility. Some EMS providers also
offer interfacility transfer and non-emergency services, but provision of such services is
out of the scope of this study.
Organization of EMS varies largely in structure, funding, resource, administration,
and work force not only between countries, but also to some degree within the same
country [41–44].
The three most common ways to fund EMS are a tax-based system, privately sup-
ported serivces, or a hybrid model. Tax-based funding usually occurs at the governmental
or municipal level and is the system in some parts of the USA, China, and Europe [43–46].
In the USA, privately supported services are also relatively common [43]. In this system,
the cost to a patient is high and usually requires health insurance. In the US hybrid form,
where funding comes via public, as well as private channels, some reimbursement is paid
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Table 1: Studies on pediatric OOH emergencies
11
either to the provider or to the patient [43]. In Australia and Israel, the only statewise
EMS provider is defined by law [47, 48]. In some countries, non-profit organizations or
other volunteers also participate in providing EMS [43,48,49].
The cost of EMS contact with a patient varies substantially. Whereas equity of
access is mostly guaranteed by the state for residents in Nordic countries and the UK
[44, 46, 50], in the USA and China, ”fee for service” usually applies [43, 45]. Typically,
health insurance is required in order to cover high costs [43, 45]. The cost of EMS and
health care contributes to the threshold for calling an ambulance. If the cost is high,
patients or care-givers may hope for a spontaneous recovery and call an ambulance at
the very last minute [45]. If the cost is low, no economic restraints impact on the decision
of calling an ambulance.
EMS consist of an emergency response center (ERC), which receives emergency calls,
and the responding units that include ambulances, fire department and rescue units,
and police. Operators working at an ERC, communicate not only with the caller, but
also with the units to be dispatched. Adequate resource allocation and risk assessment
in dispatching units may be life-saving. Therefore, prompt and rapid evaluation of the
situation by phone, when the caller may be in acute distress, requires skill, knowledge,
and social proficiency. ERC operators are, however, not always formally trained, and
their training is not universal or standardized [43]. Many countries have one single
number for all emergencies [43,44]. Some countries, however, have separate numbers for
police, fire department, and ambulance services [45]. For example in China, operators
cannot dispatch ambulances by phone, but a call is forwarded to the closest appropriate
hospital, wherefrom the actual ambulance service is provided [45].
Typically, the EMS organization is multi-leveled, consisting of first responders, who
are able to perform life-saving procedures. Especially in rural areas, volunteers take part
in providing emergency care as first responders [43,48,49]. The second level provides more
sophisticated care; and the third level comprises usually physician-staffed ambulances or
fixed-wing planes or helicopters [43, 44, 47]. In China, there are no paramedics, but
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nurses, doctors, and drivers are employed in the EMS [45]. At least the UK and New
South Wales in Australia use solo responders [47,50].
The dispatching protocols vary: while some EMS systems have integrated in the
protocols that a physician is always dispatched in case of a pediatric emergency [11,49],
other EMS systems rely on paramedics providing care according to standard protocols
[1,43]. In the latter case, EMS personnel may have an opportunity to consult a physician
[1, 43]. Also, the transportation protocols vary. In some countries, all the patients are
transported to a health-care facility [4]. In others, non-transportation is allowed [18].
Most countries have no separate pediatric EMS care, but children form a proportion of
their EMS contacts, and all units are prepared to provide care for everyone, irrespective
of age. Some EMS systems, however, have specially designated pediatric EMS. [43,
48]. Australia’s New South Wales Newborn and Pædiatric Emergency Transport Service
(NETS) is responsible for medical retrieval of critically ill newborns, infants, and children
up to 16 years of age. NETS Retrieval Teams comprise a specialist pediatrician and a
nurse. Collaboration and communication between pediatric hospitals, particularly in
managing intensive-care resources, is facilitated through NETS [47].
In Finland, health care is publicly funded, and EMS access is, in principal, equally
available to all residents. The cost of the EMS evaluation and transport for a patient in
2021 was 16 euros [51]. A single emergency number, ”112”, is used for all emergencies
in European Union countries. A caller activates an emergency chain of care by dialling
that number. An ERC operator who answers the phone makes a risk assessment and
dispatches appropriate authorities to the scene. The operator assigns a priority code
from A to D, where A is the most urgent priority, together with a mission code. The
responding unit is thus aware of the character of the upcoming mission, as well as how
urgent and critical the situation is on-scene [52]. The organization of the EMS system
is described in more detail in Section 4 ”Materials and Methods”.
2.1.3 Characteristics of children who have EMS contact
Clinical characteristics of pediatric OOH emergencies reflect the age-dependent needs of
the pediatric population. Whereas infants tend to have breathing-associated problems,
toddlers suffer from (febrile) seizures, traumas affect school-aged children, and mental
health causes problems in adolescents [11, 32, 34]. What also seems true is that fewer
pediatric trauma cases occur in Europe than in the USA [1,3, 5, 53].
The age distribution of the pediatric EMS population resembles a U-curve, where
extremes at both ends are overrepresented compared to the prevalence of that age group
in the pediatric population [1,5,11]. Harve et al. reported the mean age of EMS contact
to be 8 years, whereas mean age was 13 years in a study by Oliveira J e. Silva et al. [1,32].
The median age varied from 3 to 6 years [3, 4, 30].
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Male patients comprise a slightly higher proportion than female patients 52% versus
59% [1,3,4], the highest proportion of 65% being reported for pediatric trauma patients
[37].
Studies on a general population have shown that racial and ethnic minorities utilize
EMS more frequently than does the white Caucasian population [54,55]. Indications are
that this could also apply to the pediatric EMS population, as Shah et al. demonstrated
an association between African-Americans and increased EMS use [39].
Numerous social factors affect the utilization of health-care services in children [56–
58]. Studies on socioeconomic factors in EMS contacts with children are, however, scarce.
Salmi et al. found a positive association between lower socioeconomic status and inci-
dence of OOH emergencies [59]. Listo et al. showed that traumatic emergencies occur
more often in neighborhoods with lower median income per household and are more
common in children living in areas with lower education, higher unemployment, and
lower median income per inhabitant [60]. Surprisingly, Oliveira J. e Silva et al. [32] re-
port the highest proportion of children with EMS contacts (39%) as living in the highest
household income group of $100 000. The reason behind this finding could be that this
group studied only privately insured pediatric patients [32]. Children from lower income
households may have no access to private insurance. Moreover, Salmi et al. and Listo
et al. report EMS contacts from Finland, where EMS care is equally available for ev-
erybody and is not dependent on the family’s economic status [59,60]. Thus, the cost of
the contact does not affect the decision of whether or not to call an ambulance.
To conclude, numerous medical and non-medical factors such as demographic, geo-
graphic, social, and economic, influence pediatric contacts with EMS [35].
2.1.4 Characteristics of pediatric contacts with EMS
Dispatch protocols vary among differing countries and are not comparable as such [3].
Response times depend on the organization of EMS and distance traveled to the patient.
In Denmark, an ambulance with an anesthesiologist-manned Mobile Emergency Care
Unit (MECU) responds to over half of all pediatric EMS missions. Moreover, missions
with priority A comprise a total of 73.4% [3]. In Sweden, a lights and siren response
equals 69% of EMS missions [30]. In Finland, only 46.5% of pediatric missions are
dispatched with lights and siren, with the top A priority being just 3.5% of all pediatric
responses [1]. In the USA, the highest priority response is granted for 56.2 % to 57.9 %
of pediatric EMS missions [32, 61]. Especially the dispatching of physician-staffed units
appears to depend on the EMS system. In Finland, the unit is dispatched in 4% [1], in
Belgium in 15% [11], and in Denmark in 56% of pediatric cases [1, 3, 11].
About one third of patients in the following five studies had contact with the EMS
during office hours from 8 to 16 [1,30,36,39,53]. However, nearly half the patients were
treated after office hours, 16 to 24 [1, 30, 36, 39, 53]. Only a small proportion, 13% to
17% is encountered during the night hours, 0 to 8 [1, 30, 36, 39, 53]. When studies have
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reported a 6-hour time frame, around 70% of the EMS contacts with children occur
between 12:00 and 23:59 [1, 4, 31,36,53].
Studies show that about 30% of contacts occur during weekends and 70% on weekdays
[4,31,37,53]. No significant seasonal variation appears to occur in the EMS contacts with
children, but missions are distributed evenly throughout the year. [1, 4, 31,35].
EMS perform numerous interventions on-scene. Among the most frequent is vital
sign monitoring [1,4,30]. However, vital signs are less frequently documented in children
than in adults [13, 35]. EMS also deliver therapy. Drug administration varies, ranging
from 10% to 36% [1, 30, 31, 62, 63] and oxygen administration from 5% to 27% [4, 5, 30–
32, 35, 62, 64]. Intravenous (iv) access is established in a small proportion of patients,
from 4% to 17% [5, 31, 32, 35, 53, 61–64]. IV access and endotracheal intubation are
reportedly less frequently successful in children than in adults [11, 53], so intra-osseus
access is more frequent in children than in adults [11]. Advance life support measures
are seldom required, and cardiopulmonary resuscitation (CPR) is performed in pediatric
populations in 0.12% to 0.7% of cases [4,35,61–64]. In a physician-staffed ambulance or
helicopter, CPR is performed more frequently, in up to 7% of cases [33, 34]. In a South
Korean study by Lee et al. no drugs were administered, and no iv access established
even though the CPR rate was 0.6% [4]. In an African study among pediatric trauma
patients by Dworkin et al., 70% of patients received pain medication, 34% received iv
fluids, and 15% received oxygen therapy [37].
The mean time spent on-scene can range from 12 to 16 min [5, 31, 61]. According to
Tsai et al., factors that affect on-scene time include motor-vehicle accidents associated
with difficult extrication; and the child’s age: the younger the child, the more difficult it
is to establish an IV line [53].
Two studies report similar numbers after EMS transport of children to the ED: 83%
of children needed ED care, and 16% of them were admitted as inpatients [32,39]. Kost
et al. and Richard et al. report, on the other hand, that only a fraction of high-acuity
pediatric patients arrive via ambulance to an ED [5,65]. Shah et al. states that compared
to adults, at 18.4%, fewer children (7.1%) are transported to ED by EMS [39].
Reported on-scene mortality for EMS contacts with children ranges from 0.5 to 0.65%
[1,37,61].
2.1.5 Challenges in pediatric OOH emergency medicine care
Taking care of pediatric patients provokes strong emotions, may be stressful, and may
cause anxiety and discomfort to EMS personnel [7, 15, 16, 66, 67]. The following reasons
may explain these feelings: first, providers sympathize and identify with children, and
they are reluctant to cause pain or see a child hurt [15, 16, 66, 68]. Second, pediatric
contacts are few, making exposure to children rare. The resultant lack of expertise
leads to extra pressure concerning pediatric contacts [7,16,67,68]. Further, children are
anatomically, physiologically and developmentally different from adults, resulting in the
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need of proficiency in a wide range of weight- and size-based medication and equipment,
as well as mastery of many guidelines [7, 67, 68]. Moreover, the fact that children may
have minimal symptoms from an injury and then deteriorate rapidly causes constant
stress during treatment and transport [7,67,68]. Moreover, communication barriers such
as those due to patient age, parental distress, and non-native language play a role [7].
In addition, separating a child from parents and restraining a child to achieve traffic
safety may be in conflict with the medical and emotional well-being of a child during
transportation [15, 68]. Finally, knowledge that children transported by EMS are more
likely to require immediate care and more likely to be admitted to the hospital, is likely
to cause distress [7, 39].
The same factors that cause stress and anxiety contribute to patient safety hazards in
EMS contacts with children [13, 16, 69]. Unfortunately, as Meckler et al. report, during
high-risk OOH care of pediatric patients, untoward patient safety events are common,
potentially severe, but largely preventable [12]. Children’s Safety Initiative-EMS have
ranked clinical assessment to be the number-one factor contributing to patient safety
events and errors in the OOH emergency care of children [16]. A lack of familiarity with
pediatric patients and equipment, and inadequate practical training and experience in
caring for the pediatric population may both lead to significant medication and treatment
errors [12,66].
Problems such as lack of appropriately sized equipment or standardized pediatric
medication dosages, insufficient human resources, and unique aspects of EMS culture,
should be addressed at systems level [7, 66]. EMS team-level factors should concentrate
on improving communication with other EMS providers (both prehospital and hospital)
[7]. Family and child factors, including communication barriers and challenging clinical
situations or scene characteristics, are hard to control [7]. Provider-level factors such
as heightened levels of anxiety, insufficient experience and training with children, and
errors in assessment and decision-making, should be recognized and tackled with regular
traditional or web-based training [7, 66, 67]. Tools that support reasoning and decision-
making during stressful conditions, ones such as cognitive aids, may also help to mitigate
anxiety in providing prehospital care of children. [67].
2.2 Pediatric seizure patients and EMS
Seizures are one of the most common reasons for children to be in contact with the health-
care services [1, 3, 5]. Indeed, in a study by Alpern et al., the diagnosis of convulsions
was associated with the largest proportion of EMS pediatric transport to the emergency




The International League Against Epilepsy (ILAE) and the International Bureau for
Epilepsy (IBE) define an epileptic seizure as ”a transient occurrence of signs and /or
symptoms due to abnormal excessive or synchronous neuronal activity in the brain” [70].
To differentiate an epileptic seizure from any type of severe or acute incident (such as
”heart seizure”), authors underline the ”epileptic” in the definition. In the present work,
a seizure refers to an epileptic seizure, unless otherwise stated.
Epilepsy
ILAE’s clinical definition of epilepsy is as follows: ”Epilepsy is a disease of the brain
defined by any of the following conditions:
1. at least two unprovoked or reflex seizures occurring > 24 h apart
2. one unprovoked or reflex seizure and a probability of having another seizure similar
to the general recurrence risk (at least 60%) after two unprovoked seizures, occuring
over the next 10 years
3. diagnosis of an epilepsy syndrome” [71,72]
Epilepsies are classified based on seizure type, epilepsy type, epilepsy syndrome, and
etiology [73].
Febrile seizure
Febrile seizures associate with fever, and exclude central nervous system infections, un-
derlying epilepsy, or any another known cause [73, 74]. Febrile seizures are the most
common type of seizure in childhood, occurring in 2% to 14% of children from the age of
6 months to 6 years, with incidence depending on genetic background [9,73]. According
to Mikkonen et al., febrile seizures present clear diurnal and seasonal variation, but do
not follow the amount of daylight [74].
2.2.2 Clinical characteristics
Seizures can affect autonomic, motor, and sensory functions, and present as sudden
changes in awareness, emotional state, cognition, or behavior [70]. Motor symptoms,
ones such as repetitive rhythmic jerking of muscles or stiffening or rigidity of all or some
parts of the body, are easily visible. Non-motor manifestations such as alterations in
vision, taste, smell, or perception, are usually difficult to perceive [73]. Clinical man-
ifestations are, however, less frequently observed in children than in adults, including
unconsciousness, pupillary abnormalities, and cardiac arrhythmias [11].
Seizures are common in children and account for 9% to 22% of EMS contacts with
children [1,3,5,30,62,63]. The age-peak of febrile seizures among children aged 1 to 5 is
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reflected in the EMS contacts: in that age group, seizures are the most important reason
for calling EMS, responding to 24% to 40% of contacts [3, 9, 34,62,64].
Harve et al. reported that seizures were the number one reason for dispatch among the
most urgent dispatch priority category A in the age group of 4 to 6 years. Furthermore,
seizures were the number one dispatch reason in the second most urgent priority category
B for the age groups 1 to 3 and 4 to 6 [1]. The data of Richard et al. revealed that EMS
contact due to seizures occurred most frequently at home (in 79% of cases), and EMS
was summoned to public places in 9.3% and to a school in 7.4% of seizure cases [5].
2.2.3 On-scene interventions and therapy
Status epilepticus is associated with many untoward outcomes such as neurocognitive and
developmental impairments and even death [10, 75]. It is therefore essential that each
ERC operator or member of EMS personnel be able to recognize seizures, preferably
during the emergency call, because prompt termination of seizures is essential to prevent
the development of status epilepticus [10,11]. EMS personnel, however, sometimes have
problems with recognition of transient seizures [1]. In a study by Richard et al., 83% of
seizures ended before EMS arrival, and 1.9% while EMS personnel were at the scene. In
4.3% of cases, seizure continued en route to the hospital, and a child was still convulsing
at the time of ED arrival in 3% of cases [5]. In a Belgian study by Demaret et al.,
the prevalence of seizures at the arrival of the emergency and resuscitation mobile unit
(ERMU) at the scene was higher in children than in adults (11.7% versus 2.4%, P<0.001)
[11].
Gáınza-Lein et al. have shown that untimely first-line benzodiazepine treatment in
pediatric seizure patients was independently associated with use of continuous infusions,
with longer convulsion duration, with more frequent hypotension, and even with higher
frequency of death [10]. EMS personnel should therefore aggressively treat on-going
seizures, while checking and addressing vital signs routinely, because 65% of seized pa-
tients did show at least one abnormal vital sign [62]. Because establishing an iv route
in children may be challenging [53], other administration routes, including intranasal or
buccal, for delivery of anticonvulsive therapy, may be preferable [76].
2.2.4 Outcomes of children suffering seizure
According to Richard et al., even though EMS transported 88% of seized children to a
hospital, those discharged home from the ED reached 90% [5]. Only 6% were admitted
to the ward and 0.7% admitted to the ICU [5]. Eventually, pediatric seizures were
often diagnosed as simple febrile convulsions [77, 78], and the childrens’ prognosis was
good [9]. However, recurrent febrile seizures or prolonged convulsions may negatively
impact a child’s development [9, 10,79].
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Seizures are very common in children; they cause concern in families and require
considerable resources from the health-care system, both in the OOH and ED setting.
Future studies should help EMS personnel to initiate an appropriate treatment for a child
with convulsions [11]. In order to accomplish that goal, the chain of care for seizures
needs to be considered. ERC operators play an important role in recognition of seizures
and in providing first-aid instructions prior to EMS arrival in order to assist callers
reporting convulsions [11]. EMS personnel, on the other hand, need training not only
in recognition and handling of seizures, but also in early administration of treatment
and in alternative routes of medication [1,10,11,34]. When asked, paramedics suggested
the following actions to improve pediatric seizure care: dose standardization, equipment
availability, protocol clarity, and simplified controlled substance logistics [8].
2.3 EMS contacts with infants
Infants, under the age of one, form a fraction of all EMS contacts, but are overrepresented
in the EMS responses [1, 14], comprising up to 15% of EMS contacts with children
[3, 11,31,63].
Non-specific reasons for EMS involvement such as general medical problem or other or
unclear problem or sick child, cause about half of all EMS contacts with infants [3,13,64].
The most usual specific issues include respiratory problems (27%), trauma (11%), and
neurological problems (8.6%) (sample size weighted mean) [3, 11,13,34,62,63].
Worldwide, differences in organization among EMS are reflected in dispatch priority
for infants [3]. Whereas Danish operators defined an A priority category for 84 % of
infants and even sent MECU for 79% to the scene [3], Finnish ERC operators dispatched
60% of infant EMS missions in the lights and siren category, with the most urgent priority
category A being the choice in only 4% [1]. In Finland, none of the infant EMS missions
were dispatched in the least urgent priority D category [1].
Even though infants are prone to potentially severe, and mainly preventable safety
events [12], infants and neonates have the smallest odds of complete vital-sign assess-
ment among all EMS patients (pediatric and adult) [13]. The most frequent vital signs
measured were heart rate, from 95% to 57%, respiratory rate, from 93% to 81%, and
Glascow Coma Scale at around 85% [13,62].
Delivering health care to infants requires special skills and equipment. Establishing
an iv connection is highly unsuccessful in infants [53]. Yet, in a study by Demaret et al.,
physician-staffed EMS established an iv infusion for 46% of infants and administered iv
drugs in 10% of cases [11]. EMS personnel need also to be proficient in CPR, intubation,
and establishment of intraosseous (io) access, even though these are rare interventions
[11, 34]. Noticeably, around half of the pediatric cardiac arrests happen in the infant
population [34,53,64]. Indeed, infants comprise 60% of pediatric deaths in the UK [80].
A summary of studies on infants and EMS appears in Table 2.
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Not all EMS contacts with infants are emergencies. Rosenberg et al. have reported
that 37% of infants could have used alternative transportation instead of EMS [81].
In Finland, the proportion of non-transported infants was as high as 57% [1]. In the
USA, on the other hand, non-transportation was less likely for infants (OR 0.52, 95% CI







































2.4 Non-transportation in EMS contacts with children
Studies on non-transported children are few, and each study reports findings in its own
manner. The terminology is unestablished, and results between studies are sometimes
contradictory.
Camasso-Richardson et al. raised the topic of EMS being misused as a taxi service
for the pediatric population already in the late 90s [82]. Studies report from 28% to
61% of pediatric EMS transportation being inappropriate [81–83]. On the other hand,
studies also report that only 13% to 20% of high-acuity pediatric patients arrive via
ambulance [65,84], and 38% to 40% of pediatric trauma patients arrive at trauma centers
by non-EMS transport [85, 86]. Moreover, adult patients utilize EMS transport more
often than do child patients for both routine and emergency complaints [87]. The balance
between over- and underutilization the EMS is clearly undetermined.
The transportation itself, especially use of lights and siren, exposes pediatric patients
to superfluous traffic hazards [88–90]. Moreover, EMS personnel seldom transport in-
fants correctly in an ambulance; family cars usually possess safer equipment for child
transportation [89].
2.4.1 Definitions
According to Ebben et al., [18] The NHS Litigation Authority (2012) defines trans-
portation as “the transfer of patients, medical and clinical personnel, equipment and
associated records, as appropriate including from one health-care facility to another
as well as the initial journey from the scene.” Non-transportation was defined as “an
ambulance deployment as appropriate, where the patient after examination and / or
treatment on-scene does not require conveyance with medical personnel and equipment
to the health-care facility.” Non-transported patients can be treated and ”discharged”
on-scene, or may be referred to other health-care facilities such as a general practitioner.
Non-transportation can be divided into two categories: patient-initiated refusal and an
EMS personnel professional decision [91]. In some parts of the USA and other countries,
the EMS organization has not supported provider-initiated non-transport [4, 17, 31, 92].
However, two studies from Northern Europe reported EMS-initiated non-transport of
children, in which the decision was based on EMS personnel-independent professional
evaluation and a possibility of physician consultation by phone or by asking for addi-
tional resources on-scene [1, 30].
2.4.2 Reasons for non-transport
In Finland and Sweden, EMS personnel may conclude either that transportation with
an ambulance is unnecessary or that no further immediate health-care professional eval-
uation is required. Before EMS personnel decide against transporting a patient, they
have to adequately assess the patient, document the reasons behind the decision, and
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provide instructions on when to contact the health-care services or to call for help [1,30].
In this study, non-transported patients are further divided into those who do need no
ambulance transportation, but with a health-care contact recommended, and those need-
ing no further health-care contact at the time of EMS contact. For the reasons behind
non-transport see Table 5.
2.4.3 Characteristics of pediatric non-transport patients
The pediatric non-transportation rate has ranged from 0% in Asia [4], 10% in Africa [37],
13% to 31% in North America [5,36,53,62,64], to 30% to 40% in Northern Europe [1,30].
Age distribution in the non-transported pediatric population appears to depend on
the local EMS system. The mean ranges from 3.7 to 8 years [31, 36, 92–94], and Mag-
nusson et al. report median age to be as low as 2 years [30]. It seems that in the
USA, non-transported patients are older than in Europe. Indeed, Ramgopal et al. re-
port that the younger the patient, the lower are the odds for non-transportation [31].
Kannikeswaran et al. notice non-transport to occur more likely for adolescents [64].
According to Magnusson et al., previous medical conditions such as asthma, congen-
ital disability, febrile non-epileptic convulsions and allergies do not appear to have any
effect on the non-transportation rate of children [30].
The dispatch category of non-transported children is less acute than that of those
transported [30]. Response time ranges from 8 to 9 minutes [31, 64]. The on-scene time
range extends from 20 to 24 min [31, 64], and is significantly longer in non-transported
children [64].
No conclusions can be drawn about time of occurence of non-transport. Magnusson
et al. report more non-transport to occur during the night hours from 24:00 to 8:00 and
less during office hours from 8:00 to 16:00 [30]. According to Ramgopal et al., however,
the odds ratio for non-transport was higher all day compared to the times 00:00 to
05:59 [31]. Moreover, Gerlacher et al. report non-transport to be uncommon in the early
morning hours [93]. When speaking about seasonal variation, according to Ramgopal et
al., non-transport is less likely to occur in winter than in fall [31].
In one study from Europe, more non-transported children were assessed to have
respiratory difficulties and fever, and less to be suffering from trauma and convulsions
[30]. In the USA, on the other hand, trauma patients constituted almost half of the
non-transport category [31, 64, 93]. Kannikeswaran et al. reported non-transports more
likely to have been involved in assaults [64]. The following conditions and proportions
emerge among non-transported patients: trauma (25% to 51%), motor vehicle accidents
(25%), respiratory difficulties (11% to 25%), fever (18%), general medical condition
(14%) [30,31,64,93,94].
The assessment of non-transported children is less often systematic. Harve et al. re-
ported that no vital signs were measured in 16% of non-transported patients compared
to 13% in those transported [1]. Ramgopal et al. [31] reported at least one vital sign to be
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assessed in only 58% of non-transported patients compared to 84% in transported chil-
dren. When Harve et al. evaluated EMS patient records retrospectively, they assessed
OOH care to be inadequate in only nine non-transported cases (1%) [1]. The explana-
tion behind this finding may be that non-transported children were acutely less ill. In
fact, if the document sheet provides no field for observations such as first impression,
the observation is not documented, even if EMS personnel did make mental notes on
the appearance of the child. In addition, EMS personnel performed significantly fewer
interventions involving non-transported children than for those transported [30].
2.4.4 Outcomes of children not transported by EMS
Up to half of non-transported children had secondary contact with health-care services
within the following 72 hours [1, 36, 91, 92]. The majority of these contacts (77% to
89%) were expected or intended; i.e. the EMS personnel instructed family to contact the
ED or a pediatric clinic [1, 91]. Of non-transported children, 1% to 5% were admitted
to the hospital [36, 91, 92], but ICU admissions tend to be rare among non-transported
children [36,91]. Studies have found no associations between mortality and non-transport
[1, 36,91,92].
Overall, non-transported patients or their parents or both appear to be satisfied with
the care provided by EMS. When asked about satisfaction with EMS care on a five-point
Likert scale, the median satisfaction figure was 5 [36].
2.5 COVID-19 and EMS contacts with children
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes the infectious
disease (COVID-19). After the first report of novel coronavirus from Wuhan, China, in
late November 2019, it rapidly spread across the globe, causing a pandemic, and health
care and economic catastrophe [95].
2.5.1 SARS-CoV-2 virus
SARS-CoV-2 is a member of the Coronaviridae virus group. It is a round virus con-
taining a single-stranded, positive-sense RNA genome surrounded by an extracellular
membrane containing a series of spike glycoproteins resembling a crown, thus the name
(latin corona - crown) [96]. Coronaviruses are able to infect a variety of hosts and cross
species barriers. Those coronaviruses that infect the upper respiratory tract cause mild
symptoms. However, others are able to infect the lower respiratory tract system, causing
severe diseases including SARS-CoV (severe acute respiratory syndrome), MERS-CoV
(Middle East respiratory syndrome), and SARS-CoV-2 (COVID-19) [96].
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2.5.2 Pathophysiology and clinical features
The severity of COVID-19 infection depends on factors such as individual genetics, eth-
nicity, age, and geographic location [96]. In severe cases, COVID-19 pathophysiology
includes destruction of lung epithelial cells, thrombosis, hypercoagulation, and vascular
leak leading to sepsis. These events result in acute respiratory distress syndrome (ARDS)
and subsequent pulmonary fibrosis [96]. The risk factors for severe COVID-19 infection
include high age, obesity, cardiovascular disease, hypertension, diabetes, and respiratory
disease. [96–98].
2.5.2.1 COVID-19 in the pediatric population
Only limited data regarding the pediatric demographics and clinical features of COVID-
19 disease exist thus far.
Attack rates indicate children to be as susceptible to COVID-19 infection as are
adults [95]. Children appear to be less affected than adults because their symptoms are
usually milder; they may even remain asymptomatic [95,99]. Symptoms are usually mild
and non-specific such as fever (38% to 64%), cough (35% to 48%), sore throat (28.6%),
and upper respiratory tract symptoms (13.7% to 35%). 5% to 15% of patients remain
asymptomatic [95, 99–101]. Gastrointestinal symptoms such as diarrhea and vomiting
/nausea also occur in 7.7% to 10.1% [99,101]. Lower respiratory symptoms affect only a
small proportion of patients (5.1%) [101].
It seems that COVID-19 affects males more often than females (56% to 65%) [99,
101]. Infants are more at risk for COVID-19 infection than are older children. For one
under-5-year-old population, half the infections appeared in infants [101]. Moreover,
infants comprised 27% of children hospitalized due to COVID-19 infection [99]. Other
pediatric risk groups included children with asthma or cardiovascular disease or who
were immunosuppressed [99].
The reported number of severe cases among pediatric populations diagnosed with
COVID-19 has ranged from 2.5% to 7.6% [95,100,101]. The mortality due to COVID-19
in pediatric populations ranges between 0.016% to 0.2% [95,96,100,101].
2.5.3 Restrictions to curb the pandemic
The World Health Organization declared a pandemic on 11 March 2020 [102], with many
countries implementing unprecedented restriction measures to protect their residents.
In Finland, restrictions followed one after another. On March 15, the Finnish Gov-
ernment limited public social gatherings to a maximum of 500 participants, and the next
day, the Government announced a state of emergency. On 18 March, national restrictions
with social distancing were launched and schools closed. On 19 March, strict national
border control came into force. Finally, isolation of Uusimaa - the population-richest
region of Finland - was issued on 28 March. As the situation with pandemic improved
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somewhat, the isolation of Uusimaa was canceled on 15 April, and schools reopened on 14
May. The timeline of COVID-19 pandemic invasion is depicted in Figure 1. Even stricter
restriction measures such as total lockdowns, have occured in some countries [103–105].
On the other hand, Sweden had a more relaxed approach to the pandemic, aiming at
herd immunity of the population with fewer restrictions [106].
The Finnish Government adopted a resolution on a plan for a hybrid strategy to
manage the COVID-19 crisis on 6 May. This hybrid strategy means moving from exten-
sive restrictions on society towards a testing, tracing, isolation, and treatment approach,
while at the same time, certain restrictions remain in place, and the effects of pandemic
control measures are closely monitored [109,110].
2.5.4 Effects of restriction measures on EMS contacts with children
Restrictions designed to curb the pandemic have affected pediatric populations in many
ways worldwide. First, EMS responses and pediatric ED visits have experienced dramatic
drops [24, 27, 111, 112]. Reallocation of resources and abrupt changes in health-care
delivery have generally resulted in a reduction in non-urgent pediatric receptions and in
outpatient clinic visits [24].
Emergency health-care systems themselves have changed: in EDs and prehospital
EMS, patient flows have slowed, partly due to infection-control measures, including the
use of personal protective equipment and meticulous cleaning; and modified treatment
protocols have been developed. On the other hand, the omnipresence of COVID-19 in the
news and media may have created a bias in clinicians, predisposing them to diagnostic
errors such as suspecting COVID-19 infections in children rather than more common
conditions [113].
Moreover, the everyday life of children has changed dramatically. Social distancing
and closing of schools has resulted in decreased contacts with friends and adults. The
International Society for Social Pediatrics and Child Health (ISSOP) claims that re-
striction measures of the pandemic have compromised several Rights articulated in the
United Nations Convention on the Rights of the Child [114].
Health-care professionals have expressed concern over children as becoming second
victims of the pandemic [27, 28, 111]. Whereas the pandemic itself has, for the most
part, spared children from severe COVID-19 disease manifestations, the restrictions de-
signed to curb the pandemic may be harmful to children in several ways. The European
Academy of Paediatrics (EAP) has asked European leaders and national governments
to take urgent action to mitigate the impact that COVID is having on the health and
well-being of children, now and for many years to come. [115].
27
Figure 1: Timeline of the first wave of COVID-19 pandemic and protection measures.
Adapted from https://fi.wikipedia.org/wiki/Suomen koronaviruspandemian aikajana, accessed 22 May




This study aimed to investigate pediatric OOH care in the Helsinki University Hospital
(HUH) area, focusing specifically on following objectives:
1. What are the characteristics and outcomes of EMS contacts with children in three
various subpopulations: pediatric-seizure patients, infants, and children who are
evaluated, but not transported by ambulance?
2. Do identifiable risk factors exist for secondary outcomes in EMS contacts with
children?
3. Whether the COVID-19 pandemic and resultant restrictions designed to curb the
pandemic have impacted OOH emergencies in the pediatric population during the




This research includes four register-based retrospective cohort studies focusing on EMS
contacts with children from various perspectives. The study population comprised chil-
dren under 16 years old who had had contact with EMS in the study area during the study
period, except for Study III, in which the study population comprised 0- to 11-month-
old infants (Table 3). The focus of the first study is on children who were evaluated by
EMS personnel, but not transported by ambulance to any health-care facility (I). The
second study discusses seizures in children in an OOH setting (II). The third study con-
centrates on infants (III), while the fourth study examines pediatric OOH emergencies
and restrictions during the first wave of the COVID-19 pandemic (IV).




In this study, the term ”pediatric” includes all children under the age of 16, regardless of
the reason behind their contact with EMS. In other words, no separation exists between
surgical and other pediatric patients.
Interfacility transfer and non-emergency services
Interfacility transfer and non-emergency services are beyond the scope of this study,
although some EMS providers also offer such services.
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P and Q diagnoses
In the International Classification of Diseases-10 (ICD-10), diagnoses within the P cate-
gory represent conditions related to prematurity or problems during the neonatal period,
and those in the Q category represent congenital malformations, deformations, and chro-
mosomal abnormalities [116].
4.2.2 Finnish health care and social security system
Finland is a Nordic welfare state with a publicly financed universal health-care system,
supplemented by private or government-subsidized health-care providers. Municipalities
run the system, provide primary and secondary health care, and jointly fund tertiary
care in five university hospitals. Private-care providers offer some primary and secondary
care.
Every Finnish citizen and every person permanently living in Finland has a unique
personal identification number. Moreover, every Finnish resident is also entitled to full
social security, including health-care services and costs, the latter two covered minus a
deductible fee.
Visiting free public prenatal clinics for pregnant women is a prerequisite for getting
the baby box and maternity leave. After a child is born, a family is directed to attend
a well-baby clinic, which takes care of children aged 0 to 6 years. Prenatal and well-
baby clinics offer parent training, and all families may contact their own community
health nurse with problems and questions concerning child health-care or growth-related
issues. Further follow-up of a child’s well-being and development takes place in school. In
Finland, compulsory education is required for children under the age of 17. Thus, advice
and health care for infants and children are, in principle, easily available regardless of a
family’s socioeconomic status.
The public health-care system exclusively provides all OOH emergency care, including
emergency call dispatching and emergency transportation. The care is provided for all
acutely ill or injured patients irrespective of citizenship, social insurance, or the lack of
a personal identification number.
4.2.3 Study area
These studies were conducted in Helsinki (I-III) and the Helsinki University Hospital
(HUH) area (IV). In addition to Helsinki, the HUH area includes the surrounding mu-
nicipalities of Espoo, Kauniainen, Kerava, Kirkkonummi, and Vantaa. At the end of
2020, the HUH area comprised 1.27 million people, including 218 000 0 to 15 years
old [117]. Helsinki is the capital and the largest city of Finland (population 657 000; its
0- to 15-year-old population was 99 600 and <1-year-old population 6 500 in 2020) [117].
The area comprises urban, suburban, and rural environments.
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4.3 Organization of EMS
4.3.1 EMS
A single EMS system covers the HUH area, and its electronic patient-record system
(EPRS) (MerlotMedi R©, CGI Suomi Oy) forms a population-based database on all OOH
treatment. In Helsinki, the ambulance personnel work 12 hours shifts, 09:00–21:00 or
21:00–9:00 and doctors are on duty 24 hours per shift. Outside Helsinki, the duration of
the ambulance personnel working shifts varies from 8 to 24 hours.
The EMS in Finland is three-tiered. The first tier consists of basic life-support
(BLS) units and the second tier of advanced life-support (ALS) units. The BLS units
are staffed by emergency-medicine technicians (EMT). In the ALS units, at least one
person is a paramedic. In the HUH area are also three medical supervisor units staffed
by experienced paramedics with advanced training. One of the supervisor units is based
in Helsinki. An emergency medical physician, together with two or three paramedics or
EMTs comprise a third tier, also called a mobile intensive-care unit (MICU). The HUH
area has two physician-staffed units on duty 24/7, one based on a ground ambulance
serving the Helsinki area, and another based on a helicopter, serving larger metropolitan
and Uusimaa regions.
Governmental legislation regulates the education level of emergency medicine (EM)
personnel. These personnel are trained to make decisions independently. However, they
have the possibility of consultation with a physician by phone, via EPRS, or they may
even call additional units, including a physician, to the scene. The electronic EMS
patient-record system has an integrated consultation tool with the possibility for instance
of e.g. sending photographs.
4.3.2 Dispatch system
All OOH emergency calls in Helsinki and the HUH area are dispatched through the same
number, 112, and the same governmental Emergency Response Center (ERC).
A professional ERC operator evaluates emergency calls according to a protocol that is
sensitive, but not very specific [118]. An operator first categorizes the leading complaint
to formulate a symptom-based mission code and then determines a priority category
from A to D based on risk assessment (Table 4). Operators only evaluate the symptoms
and their possible risks for the patient’s health; they do not make diagnoses. In fact,
operators are rarely health-care professionals. They have formal 18-months training to
become an ERC operator, instead.
If an ambulance is needed, it is dispatched with the combination of a symptom-based
mission code and a priority category. The same set of symptom codes and priority
categories are used for all patients regardless of age. In the case of a pediatric patient,
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Table 4: Dispatch priority definitions.
Adapted from Harve et al. (2016), Hoikka et al. (2016), and Kuisma et al. (2013) [1, 52,118].
the formulation of the questionnaire protocol is also the same, except for some additional
questions.
If the emergency call does not concern an emergency, the dispatch protocol may
suggest not dispatching an ambulance, but advising the patient or the parents instead.
4.3.3 Transportation and non-transportation
After adequate examination and treatment, the EMS personnel decide on the leading
cause for transportation and appropriate priority category A to D (Table 4).
In Finland, EMS do not transport all encountered patients to health-care facilities.
In the case that ambulance transport is not needed, the EM personnel must inform the
patient and / or the caregivers how to monitor and treat the symptoms, and must give
instructions on whether and when they should visit health-care services or call again for
help.
The EMS personnel then document the non-transport decision and the reasoning
behind this decision in the EPRS. Non-transport decisions are classified in the X priority
category. The Finnish non-transportation classification system is presented in Table 5.
The cost of the EMS evaluation and transport to the patient in 2020 was 16 euros
and is comparable to the cost of a very short taxi ride. EMS do not require payment
or health insurance prior to delivering treatment or transporting. Thus, all children
have equal access to EMS in case of emergency, regardless of the family’s socioeconomic
status.
4.3.4 HUH
HUH provides all pediatric OOH emergency care, pediatric secondary and tertiary ED
care, and manages the only pediatric intensive-care unit (PICU) in the study area.
Public-sector and private-care providers offer some primary-level health care for chil-
dren. Children with an altered medical condition or requiring ambulance transport for
medical reasons (or both), however, are referred to HUH pediatric EDs.
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Table 5: Non-transportation codes and their significance.
Adapted from Study I, reprinted with the publisher’s permission.
4.4 Data Collection
The study population, study setting, and data collection periods are described above
and in Table 3. All studies were register-based retrospective cohort studies. The data
because of emergency care centralization, covered all ambulance responses with children
in the study population.
Based on a study by Harve et al., we expected mortality in our pediatric population
to be low [1]. That is why, in addition to mortality after the EMS contact, we also
studied the following secondary outcomes: PICU admission (I-III), hospitalization (I-
III), medical state of the child on presentation to ED (I, III), medication or respiratory
support given at the ED (III), surgical procedures (III), ED visits of non-transported
patients (I-III), unintended ED contacts of non-transported patients (I-III).
We extracted the following variables from OOH EPRS for each of the studies: age,
sex, time and reason for contact, dispatch and transport priority, reason for transporta-
tion or non-transportation, physiological measurements documented and interventions
performed. Additionally, the following variables were recorded: consultation with physi-
cian (I, III, IV), native language (IV), additional help requested on-scene (IV), whether
COVID-19 was suspected (IV).
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In-hospital data were extracted from the HUH in-hospital EPRS (Uranus R©, CGI
Suomi Oy) for Studies I to III. In addition to Uranus R©, we also used Apotti (Epic
Systems Corporation) for Study IV. The following variables deserved study and came
from in-hospital EPRS: whether any contact was made with ED after non-transportation
(I-III), medical state at presentation to ED (I, III), laboratory diagnostics (II,IV), treat-
ments (I-III), surgical procedures (III), diagnoses (I-III), hospitalization (I-III), PICU
admissions (I-III), and death (I-IV). Medical condition was judged based on the first
documented physiologic measurements or a documented evaluation by the physician or
both; and allowed categorization of a normal presentation as “good,” and any abnor-
mal measurement or presentation as “other than good” (I,III). If the patient’s medical
condition was not explicitly stated to be good on arrival at the ED, two experienced
pediatricians reviewed the records separately (I).
Demographic data originated in Statistics Finland [117].
4.5 Data Analyses
Statistical analyses were performed with R versions 3.4.4 - 3.6.312 [119], whichever was
the latest version at the time. Ggplot2 package [120] visualized the analyses and charted
risk plots using the locally estimated scatterplot smoothing (LOESS) method (I, III).
The time-of-day variation and seasonal distribution were analyzed visually (III). We
used line plots with date as the X-axis to visualize the changes in the infection control
measures and our parameters (IV).
Continuous variables, estimates, and proportions were presented as the median and
the interquartile range (IQR) (II-IV). Continuous variables were tested using the Mann-
Whitney U test (I-IV). Categorical variables were presented as counts, frequencies, and
percentages (%) (II-IV). The following tests were performed for categorical variables: χ2
test (I, II), Fisher’s test(III) and Wilcoxon signed-rank test (IV). A P value below 0.05
was considered statistically significant in Studies II and IV, whereas two-tailed P values
with a P below 0.05 were considered significant in Studies I and III.
4.6 Ethical aspects
The study was retrospective and register-based, so that no informed consent was required
from patients or their caregivers. The study affected neither patient treatment nor
were patients contacted for study purposes. The institutional review board of HUH
approved the study protocols (University of Helsinki and Helsinki University Hospital;
§10 11.11.2015 (I, III); §232 (II), §24 (IV)).
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5 Results
5.1 Characteristics and outcomes of EMS contacts with children
5.1.1 Characteristics of EMS contacts with children
The annual incidence of EMS contacts with children per 1 000 <16-year-old-inhabitants
fluctuated between 20.5 and 27.8. Among all EMS encounters, the proportion of contacts
made with children ranged from 3.9% to 4.8%. For EMS contacts, see Table 6.
Table 6: Frequency of EMS contacts with children
The study involved slightly more boys (52.3-55%) than girls. The median age (IQR)
for EMS contact was 6.7 (2.8-9.5) months in infants; 3 (1-7) years in children with
seizures; 3.95 (8.74) years in non-transported patients; 7 (2-14) among the pediatric
population.
The use of lights and siren during dispatch priority categories A or B ranged from
32.2% in the non-transported pediatric population to 73.3% in the pediatric seizure
population. Dyspnea and low-energy falls were among the top three dispatch codes in
infants and non-transported pediatric patients. Documentation of vital signs was not
systematic. Body temperature was the most documented variable and was measured in
92.8% of pediatric seizure patients. No measurements were conducted in 15% of infants.
The EMS personnel used the option of phone consultation with a physician in 11.9% to
15.5% of cases. The transportation rate was 57.1% in the unselected pediatric population
and ranged from 39.9% in infants to 73.3% in pediatric seizure patients (Table 7).
The EMS contacts with children happened most frequently in the afternoon or during
the evening. The median time (IQR) of EMS contact for those patients evaluated but not
transported and with no further contact with ED, was 18:50 (14:41-22:44); and for those
who had an unintended visit, 21:32 (17:04-01:37), p<0.001. Some 45% of the contacts
with infants occured at 14:00 to 22:00 and peaked around 20:00.
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Table 7: Characteristics of EMS contacts with study population
5.1.2 Outcomes of EMS contacts with children
Of all the children who had earlier had contact with EMS, 61.8% visited an ED (Table
8). The proportion who visited an ED after EMS contact ranged between 51.2% in in-
fants to 87.6% in pediatric seizure patients. Over half (53.7%) of the non-transported
pediatric seizure patients visited an ED following their EMS contact, whereas the pro-
portions for infants and the unselected pediatric population were a respective 18.9% and
17.4%. The number of unintended visits after the EMS contact was 4.5% for the seizure
population, 7.1% for the unselected pediatric population, and 10.3% for infants. Med-
ical state was documented to be other than good for 10.4% (91) of infants visiting the
ED; 87.9% of them were transported by ambulance and 12.1% by other means of trans-
port. The proportion of ”medical state other than good” -documentation after EMS
non-transportation was 1.1% in infants and 0.4% in the unselected pediatric population.
Of the pediatric seizure patients seen at an ED, 2.7% (6) were still seizing upon ED
arrival, and 10.9% (24) suffered a new seizure. In addition to those 13.6% (30) of children
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Table 8: Outcomes of EMS contacts with study population
who already had iv access, it was established in 13.2% (29). ED personnel administered
anticonvulsive medication to 14.5% (32) of patients. Despite the medication, one patient
(0.4%) developed status epilepticus. Some of the pediatric seizure patients required
further investigation: cerebrospinal fluid inspection 6.8% (15), neuroimaging 5% (11),
and electroencephalography 4.1% (9). In 70.5% (155) of pediatric seizure patients, new
anticonvulsive medication was initiated or previous treatment adjusted. Patients received
the following diagnoses: 44.1% (97) had febrile seizures, 2.3% (5) had a serious bacterial
infection, but none had bacterial meningitis. The total of 89.5% (197) of patients were
left with a diagnosis of non-specific seizure. Of the seizure patients who had ED contact,
those with previously diagnosed epilepsy constituted 29.1% (64). Three patients were
responsible for almost 10% of all EMS pediatric-seizure contacts.
Of those patients who had an ED visit after an EMS contact, about one-third of the
visits (30.9% for seizure patients and 38.3% for infants) ended as beeing hospitalized. A
small proportion of these children required PICU care: 3.2% (28) of infants and 0.9%
(2) of children with seizure. The number of hospitalizations was significantly lower in
those infants not transported by ambulance than that of transported infants: 51 (5.0%)
vs 285 (41.7%), P<0.01. Hospitalizations in the non-transported pediatric population
amounted to 105 (2.9%). The infants not transported by ambulance had fewer PICU
admissions than transported infants did: 2 (0.2%) vs. 26 (3.8%), but the comparison
failed to reach statistically significance (P<0.06). The number of PICU admissions in
non-transported pediatric patients was 2 (0.06%).
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5.2 Identifiable risk factors for secondary outcomes in EMS con-
tacts with children
Table 9: Associations of various variables and outcomes in infants
Young age was a risk factor for an unintended ED visit after an EMS contact (2.98
years (IQR 1.04-7.92) vs. 4.18 years (IQR 1.47-10.62), P=0.001) in non-transported chil-
dren; whereas in infants it was associated with greater risk for PICU admissions (1.79
months (IQR 0.74–8.88) vs. 6.73 months (IQR 2.97–9.48), P<0.01) and hospitalizations
(3.49 months (IQR 1.30–8.17) vs. 7.10 months (IQR 3.97–9.63), P<0.001) (Table 9).
Older infants were more likely to require medication or respiratory support at ED (7.57
months (IQR 4.25–10.22) vs. 6.43 months (IQR 2.53–9.30), P<0.01) and surgical pro-
cedures (9.75 months (IQR 8.75–10.82) vs. 6.63 months (IQR 2.8–9.43), P<0.01). Such
associations are in Figure 2.
Dispatch codes ”dyspnea” (OR 1.73; 95% CI 1.25-2.36; P<0.001), ”vomiting/diarrhea”
(OR 2.06; 95% CI 1.07-3.67; P=0.03) and ”mental illness” (OR 2.34; 95% CI 1.14-4.40;
P<0.02) were risk factors for an unintended ED contact in non-transported children. In
infants, the dispatch code ”dyspnea” was associated with more PICU admissions (39.3%
vs. 27.3%, P=0.02), medical state upon arrival at ED other than good (42.9% vs.
26.7%, P<0.01), any medication or respiratory support given at ED (38.3% vs. 24.3%,
P<0.01), hospitalizations (36.3% vs. 25.3%, P<0.01), but fewer surgical procedures
(5.6% vs. 27.7%, P=0.03). The dispatch code ”urgent dispatch before symptom-specific
code known” was associated with more PICU admission (21.4% vs. 5.0%, P<0.01) and
more hospitalization (11.6% vs. 3.7%, P<0.01) in infants. Moreover, in infants the dis-
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Figure 2: Association of age with secondary outcomes in infants.
Figure from Study III, reprinted with the publisher’s permission.
patch code ”seizure” was associated with medical state other than good upon arrival at
the ED (15.4% vs. 6.4%, P<0.01), with medication or respiratory support at the ED
(13.2% vs. 5.0%, P<0.01), and with hospitalization (14.0% vs. 5.1%, P<0.01).
On the other hand, the dispatch code ”low-energy fall” was associated in non-
transported children with fewer unintended visits (OR 0.43; 95% CI 0.27-0.64; P<0.001),
and, in infants with fewer PICU admississions (0.0% vs. 19.0%, P=0.01), good medical
state upon arrival at the ED (4.4% vs. 19.6%, P<0.01), less medication or respiratory
support at the ED (6.2% vs. 22.4%, P<0.01), less hospitalization (6.8% vs. 21.6%,
P<0.01), and fewer surgical procedures (0.0% vs. 18.9%, P=0.03).
The dispatch code ”allergic reaction” was associated, in infants, with a lower risk for
an unintended ED visit after non-transportation (OR 0.38; 95% CI 0.13-0.85; P<0.05),
but with a higher need for medication or respiratory support at ED (7.5% vs. 3.2%,
P<0.01). Infants with the dispatch code ”choking” had a better medical state upon
arrival at the ED (1.1% vs. 8.8%, P<0.01), needed less medication or respiratory support
at the ED (1.3% vs. 10.6%, P<0.01), and less hospitalization (3.3% vs. 9.8%, P<0.01).
However, they needed more surgical procedures (38.9% vs. 8.1%, P<0.01).
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Figure 3: Association of time of EMS contact with secondary outcomes in infants.
Figure from Study III, reprinted with the publisher’s permission.
Nightshift (OR 2.13; 95% CI 1.64-2.76; P<0.001) and the time of the EMS contact
around 21.53 (OR 1.07; 95% CI 1.05-1.10; P<0.001) were risk factors for an unintended
ED visit after non-transportation in the pediatric population. (Figure 3).
In this study, infants with a previous ICD-10-diagnosis within the Q-category were
more likely to have medical state other than good upon arrival at an ED (19.8% vs.
5.7%, P<0.01) and more often they needed hospitalization (11.0% vs. 5.4%, P<0.01).
In addition to these outcomes, P-category diagnoses were also associated with PICU
admission ((25.3% vs. 5.4%, P=0.02), (22.9% vs. 14.3%, P<0.01) and (35.7% vs. 15.7%,
P=0.01)).
Infants with previous EMS contact within 72 hours had more PICU admissions (7.1%
vs. 1.0%, P=0.04), but fewer surgical procedures (0.0% vs. 1.1%, P<0.05). Infants
without any measurements performed OOH more likely were in good medical condition
upon ED arrival (4.4% vs. 15.7%, P<0.01), needed less medication or respiratory support
(8.5% vs. 16.6%, P<0.01), and required less hospitalization (9.5% vs. 16.1%, P<0.01).
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5.3 COVID-19 and EMS contacts with children
During the study period (1 March 2020-31 May 2020), a total of 28 680 prehospital
EMS contacts were registered, of which 1 368 (4.8%) concerned children. A reduction of
23.7% occurred in EMS contacts with children during the study period compared with
the mean of 1 794 contacts during the control periods (Figure 4). For a timeline of the
pandemic versus the number of weekly EMS contacts with children see Figure 5.
Figure 4: Number of weekly EMS contacts in 2020 with the mean of equivalent periods,
2017-2019.
Figure from Study IV, reprinted with the publisher’s permission.
Patients were younger (5.3 years compared with 6.3 (P<0.001)) during the first wave
of the COVID-19 pandemic, with gender distribution nearly identical in both periods
(males 54.0% vs 55.1%).
The absolute number of contacts with the highest dispatch priority A rose from
3.7 contacts per week to 8.0 (+90.9%, P<0.05) (Table 10). Moreover, the proportion
of the highest priority A dispatch contacts and proportion of the highest priority A
transportation were higher in the study period (+139.9%, P<0.001 versus +107.2%,
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Figure 5: Timeline of course of the first pandemic wave and number of weekly EMS
contacts. 1. WHO declared the pandemic on 11 March. 2. Public social gatherings
limited to a maximum 500 participants, 15 March. 3. Governmental announcement of
a state of emergency, 16 March. 4. National restrictions and social distancing. Schools
closed, 18 March. 5. Launch of strict national border control, 19 March. 6. Isolation of
southern Finland begun, 28, March. 7. Isolation of southern Finland ended, 15 April.
8. Schools reopened, 14 May.
Figure from Study IV, reprinted with the publisher’s permission.
P<0.05). Moreover, the MICU and additional help were more frequently requested on-
scene (+46.3%, P<0.05 and +43.3%, P<0.05, respectively).
The proportion of trauma patients increased by 23.7% (P<0.05), despite a reduc-
tion in their absolute number of minus 11.9% (P<0.02). The weekly proportion of
non-transported patients increased from 47.8% to 58.1% (P<0.001). There emerged no
changes in the proportion of vital-sign documentation OOH (-0.0%, P=0.46), but propor-
tion of OOH interventions decreased: supplementary oxygen delivery -19.3% (P=0.74),
establishment of iv connection -32.5% (P<0.01), and administration of any medication
-35.5% (P<0.02).
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Table 10: Change in the dispatch and transportation priority A and additional units
requested.
Adapted from Study IV, reprinted with the publisher’s permission.
EMS arrived to find four children already dead or found them on-scene during the
study period compared to none to two during equivalent periods of the three preceding
years (Table 11).
Table 11: Mortality presented by year during equivalent periods of 1 March to 31 May.
Table from Study IV, reprinted with the publisher’s permission.
Of 1 368 children encountered, EMS personnel suspected infection in 103 (7.5%). Of
these, four were known to be positive for SARS-CoV-2 at the time of EMS contact, and
two new infections were discovered at the ED. EMS personnel did not suspect COVID-
19 infection in 1 261 contacts with children, and 41 of these children were tested for
COVID-19 at the ED, with one positive result.
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6 Discussion
6.1 Summary of the main findings
EMS contacts with children were infrequent, the proportion ranging, in the OOH setting,
from 3.9% to 4.8%. About half the missions were dispatched with the lights and siren
priority, but the lights and siren were much less frequent during transport, in less than
18% of missions. In children, dispatching in the most urgent A priority category was
significantly more frequent during the first wave of the COVID-19 pandemic. The EMS
contacts with children due to seizure occurred in 13% of cases, and infants comprised
about 0.4% of all EMS contacts.
The OOH documentation of vital signs in pediatric patients could be improved. In
children, a complete set of vital parameters was rarely evident. No measurements were
conducted in 15% of infants and OOH interventions were rarely necessary. An EMS
contact with a child occurred more probably post-meridiem, after office hours.
The non-transportation rate was high in our study and ranged from 26.7% in seizure
patients to 60.1% in infants. Untoward events after non-transportation were rare, and
hospitalization or PICU admission seldom required. On-scene mortality was very low in
children.
Young age was a risk factor for several untoward events such as an unintended ED
visit after non-transportation or hospitalization or a PICU admission. The dispatch code
”dyspnea” was associated with an unintended ED visit after non-transportation in our
pediatric population, as were hospitalization and PICU admission in infants. On the
other hand, the dispatch code ”low-energy fall” was associated with fewer unintended
ED visits after non-transportation in children; like the fewer PICU admissions and better
medical state upon arrival to the ED among the infants.
The number of EMS contacts with children dropped during the first wave of the
COVID-19 pandemic, but children appeared to be more ill, and the proportion of dispatch
and transportation in the most urgent priority A category rose dramatically. Moreover,
on-scene mortality in children was higher during the pandemic, although the significance
level was not reached due to the rarity of death in our pediatric population. COVID-19
infection among children who experienced EMS contact was rare.
6.2 Relation of results to those of other studies
In this study, the proportion of EMS contacts with children out of all EMS contacts was
among the lowest reported so far, ranging from 3.9% to 4.8% [1,3–5,33].
The finding that boys had slightly more contacts with EMS is in line with previous
findings [1,3,4]. The median age of children with EMS contact in the unselected pediatric
population in this study ranged from 6.3 years to 7, which is a little older than the median
age in other studies [3, 4, 30].
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The use of lights and siren varied between subpopulations of EMS pediatric contacts.
The highest proportion of the most urgent priority A category was dispatched in 5.2% of
pediatric seizure patients but in only 2.0% of EMS contacts with those pediatric patients
eventually not transported. The higher proportion of priority A missions seems reason-
able, because seizure patients need prompt treatment that can terminate the seizure and
prevent development of status epilepticus [11]. On the other hand, it also seems sensible
that those children who do not need ambulance transport are less seriously ill, making
priority A dispatch less frequently necessary. The priority A category was dispatched in
3.2% of infants and in 3.5% of an unselected pediatric population, numbers much lower
than in reports from other Scandinavian countries [3, 30]. This discrepancy has been
attributed to differences in EMS organization and in dispatch protocols [1, 3, 118].
Unfortunately, the documentation of vital signs was not systematic, which is also in
line with other studies [13,62]. Various reasons exist for EMS personnel challenges in as-
sessing and evaluating a child and documenting the condition. First of all, EMS contacts
with children are infrequent [1, 7, 67]. Second, vital-sign values are age-dependent, and
interpreting them may be difficult, if one is unfamiliar with normal variation [7, 67, 68].
In addition, proper pediatric equipment may not always be available [7, 121]. Further-
more, children are not always cooperative; obtaining reliable vital signs when a child is
crying and protesting, is simply impossible. Finally, various psychological factors arise
in situations in which EMS personnel attend to children [15,66].
Clearly, establishing the routine of obtaining a full set of vital signs in children offers
an opportunity for training and organizational development. Indeed, reports on suc-
cessful implementation of training programs have appeared, although the most efficient
educational intervention remains to be identified [67,121]. It is not normal for a child to
remain quiet or unresponsive, and one could argue that only then vital signs are neces-
sary. However, taking a full set of vital signs from every child provides an opportunity to
practice measurement and interpretation in healthy children. This will build expertise
and establish routines, so that evaluating acutely a sick child can then be accomplished
without hesitation and in less time.
Non-transportation in a pediatric EMS population is complex, topic full of contra-
dictions. On the one hand potential exists for better resource allocation and addressing
the ever-growing demand for health-care services including OOH EMS care [1, 18, 122].
Unjustified ambulance transport, moreover, exposes children to traffic hazards, when
family cars are better equipped for child transport [88, 89]. On the other hand, absence
of non-transportation protocols or fear of litigation hinders non-transportation [31,36,64].
Non-transportation rate in our pediatric population was high, 46.1%. However, it is com-
parable to the 44% previously reported from Helsinki [1], and also in line with the 41.7%
of non-transportation rate in a general population reported from northern Finland [19].
The non-transportation rate was exceptionally high in our infant population (60.1%)
and during the first wave of the COVID-19 pandemic (58.1%). This finding is unexpected
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and may appear worrying. One might think that in light of the fact that infants are
more vulnerable and susceptible to rapid disease progression due to their smaller reserve
of compensatory mechanisms, the EMS personnel would be more prone to expedite
transportation of that patient group, just for the sake of safety. Moreover, the rise in
the non-transportation rate was registered during the COVID-19 pandemic, when the
implication arose that children who had contact with EMS, were sicker. This may suggest
that a proportion of the contacts in the pediatric population are due to reasons other
than acute health problems; they may in fact represent social challenges. The low rate of
untoward secondary events supports this assumption. The findings that infants without
any OOH measurements probably were in good medical condition upon ED arrival,
needed less medication or respiratory support, and did not require hospitalization are
suggestive of non-medical reasons for EMS contact. Another explanation could be that
EMS is used as a feasible and easily accessible acute mobile health-care and advisory
unit, when other services are hard to reach or are unavailable.
In light of adverse outcomes, non-transportation appears to be safe in children and
infants. There was no serious deterioration in medical condition, intensive-care admis-
sion, or death traceable to non-transport decision. Nonetheless, we identified several
factors associated with unintended ED visits, medical condition other than good upon
ED arrival, hospitalization, and PICU admission in non-transported children.
Seizures were common among the pediatric population. Substantial resources were
allocated both OOH and in-hospital to this subpopulation, because seizure patients re-
quired more urgent dispatch and transportation, more treatment, transportation, screen-
ing, hospitalization, and follow-up visits than did an unselected pediatric population.
EMS organization plays a critical role in identifying patients, medicating seizures, and
referring children for further care and investigations. To our knowledge, the finding that
not only children with febrile seizures, but also children with poorly controlled epilepsy
and recurrent seizures comprise a considerable proportion of EMS contacts with pediatric
seizure patients, has not been reported earlier.
The reduction in EMS contacts with children during the first wave of the COVID-19
pandemic was in line with the reports of a decrease in pediatric health-care contacts
around the world [26,123]. Our results show the low rate of EMS contacts with children
due to COVID-19 infections during the first wave of the pandemic. However, children
whose contact with EMS occurred, were, on average, acutely more ill and required more
additional help such as MICU or other extra units. Based on these findings, we agree with
those reports concerning children’s well-being and with those concerned about children
becoming second victims of the COVID-19 pandemic and measures to curb its effects
[28,114,124–126].
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6.3 Study strengths and limitations
This study has several limitations. First and foremost, all studies were register-based
and represented a single center. However, because the single EMS system covers the
HUH area, its EPRS forms a population-based database. Thus, the study included all
EMS contacts with children during the study periods. Moreover, we were able to collect
population-based data across several years. In addition, our follow-up period was quite
lengthy, ranging from one to two years. Due to the retrospective character of our studies,
we could detect only associations and not causalities.
Second, the prevalence of all EMS contacts with children, that is, 112 calls concerning
children, could not be estimated, because the study included only those contacts that
were dispatched, omitting those without any ambulance response.
Third, we had no access to patient records in primary health care or from private
providers. Notwithstanding, all children requiring hospitalization, surgical procedures,
or tertiary care would have been referred to pediatric EDs of the HUH.
Finally, children form only a small proportion of all EMS contacts, and in high-income
countries, mortality and PICU admission rates are low. We were therefore unable to
estimate the incidence of outcomes for power analysis or to draw definitive conclusions
about mortality. However, we tried to control confounding factors by extending the
study periods from one to five years (I-III) or by studying the control periods from the
three preceding years (IV).
Despite these limitations, the strengths of this study also include bringing the im-
portant and infrequently studied topic of pediatric EMS contacts into focus. This study
covered population-based EMS contacts with an unselected pediatric population, covered
pediatric seizure patients, and covered non-transported pediatric patients. This study
is also among the first to explore the COVID-19 pandemic invasion and the impact of
restrictions on EMS contacts with children.
6.4 Generalizability and clinical implications
The organization of EMS varies widely across the world and the results of this study
may only be generalizable only to areas with closely similar circumstances.
Even though children form a small proportion of all EMS contacts, the psychological
impacts on EMS personnel relating to these contacts play a huge role [15, 127]. The
current study identified several factors that can be taken into account when personnel
are in contact with children.
EMS personnel rarely evaluate the child’s condition thoroughly. However, EMS per-
sonnel should consider any contact with a child as an opportunity to rigorously assess
a child’s condition and to practice interaction with the child and his/her parents. By
applying systematic approach in less urgent situations, routines become established, and
less hesitation will result when a true emergency takes place.
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The subgroups of seizure and of infant patients constitute distinctive subgroups in
the EMS contacts with children. Familiarization with special needs of these groups and
developing policies and standards of practice for them could ease anxiety and facilitate
development of expertise. We identified several factors associated with untoward out-
comes in children such as the dispatch code ”dyspnea” in the non-transported pediatric
population and for infants, and any earlier diagnosis in the P- or Q-category of ICD-10
diagnoses. Addressing such factors in training or acknowledging their existence could,
for instance, aid in the decision of whether or not to transport a child to the ED. For
those children with active epilepsy, the plan of emergency management of convulsions
should be elaborated in cooperation with pediatricians and neurologists. Considering
that rapid cessation of seizures is vital, and establishment of any iv connection diffi-
cult [11,53], EMS personnel should be encouraged to administer timely benzodiazepines
via alternative routes.
The figures for non-transportation rate and its safety are similar in other parts of
Finland and in Finland’s adult population [19, 128]. The safety, in our study, of non-
transport decisions appears to be good. However, non-transport strongly depends on
the capabilities and training of the ambulance personnel, on the accessibility of other
health services, the social and economic factors of the family in question, and the avail-
ability of other resources [18, 19, 128]. Although our findings may not necessarily be
applicable to other EMS systems as such, they may encourage other EMS systems to
evaluate existing non-transport protocols or to pilot new protocols with the possibility of
personnel-initiated non-transport. The high non-transportation rate that we identified
suggests that the role of EMS is changing, tending toward feasible and accessible mobile
health-care and advisory units [128].
Children are infected by the SARS-CoV-2 virus as easily as are adults [95, 129].
However, their symptoms are milder and recovery faster [95, 99]. Therefore, the finding
of the present study that children were acutely more ill during the restriction measures
of the COVID-19 pandemic is worrisome and needs further elucidation. We hope that
policy makers take into account these findings when considering new restrictions to
curb future unexpected pathogen outbreaks. Children should not become collaterally
damaged by measures set up to protect the society. For example, campaigns focused
on reaching children and their parents and reminding them that it is okay to contact
health-care services also if feeling unwell for reasons other than the cause of the pandemic.
Moreover, if it becomes clear that, overall, children are less affected and recover faster,
measures restricting children’s everyday-lives should be applied only as the last and final
measure for the shortest possible time and also be the first abolished.
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6.5 Suggestions for future studies
This study created several further questions for future investigations. First, since EMS
contacts with children were rare, multi-center studies could elucidate outcomes of the
contacts in other pediatric subgroups, such as dyspnea patients. They could also show
whether deciding not to transport pediatric patients to EDs is safe also in dispersed
settlement areas.
We could say nothing concerning the prevalence of EMS contacts, because we inves-
tigated only dispatched contacts. By studying 112 phone calls, we could explore reasons
for EMS contact and dispatch validity in any pediatric population.
High non-transportation rates in a delicate population such as infants deserve further
consideration. We have suggested that other needs are met through contacts with EMS.
These contacts are not ”unnecessary,” because there is a real problem for which a family
seeks a solution, and an ambulance is dispatched. However, the true character of these
contacts remains unclear and needs more scrutiny. Interviews with non-transported
families and children could uncover the genuine motives behind these contacts. Why did
the family call the ambulance rather than using other health-care services? What did
they think of non-transportation and were they satisfied with the EMS non-transport
decision? Interviews could also identify whether other services could fulfill the needs of
families with children.
The dispatch code ”dyspnea” was associated with several undesirable outcomes, al-
though dyspnea is one of the most common reasons for contacting the EMS for chil-
dren [1, 30, 31, 63]. Analyzing this patient group more closely could thus reveal risk
factors within that dispatch group to distinguish from more benign dyspnea symptoms.
This study concentrated only on the first wave of COVID-19 pandemic. More longi-
tudinal studies could confirm or reject our preliminary findings of children being more
seriously ill during the period of restriction measures. The long-term effects of restric-
tions could be detectable in research with a longer study period.
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7 Summary and Conclusions
The following conclusions are based on this study:
Characteristics and outcomes of EMS contacts with pediatric
seizure patients
Among EMS contacts with children, contacts due to seizures were frequent. The seizure
patients were younger than unselected pediatric patients that had contact with EMS.
The pediatric seizure patients consumed substantial resources both OOH and in-hospital.
The ambulances were dispatched in the more urgent priority category, EMS transported
pediatric seizure patients more often, and the transport was executed more frequently in
the more urgent priority category than unselected pediatric population (Table 7). Vital
signs were not systematically documented. Invasive measures were seldom necessary.
At the ED, complimentary studies were ordered and medication adjusted. One third
of patients was admitted to the hospital and follow-up visits were scheduled to half of
the patients. Febrile seizures were diagnosed in 48 % of patients and 29.1% of contacts
that resulted in the ED visit, were in patients with previously diagnosed epilepsy. The
long-term outcomes of children who had had the EMS contact due to seizure, were good.
Characteristics and outcomes of EMS contacts with infants
Infants comprised 0.4% of all EMS missions and formed a distinguished group among
EMS contacts with children. Over half of the infant contacts were dispatched within
following categories: ”dyspnea”, ”low-energy fall” and ”choking”. Every second con-
tact was dispatched as non-urgent and six out of ten contacts (60%) resulted in non-
transportation. Vital-sign documentation was insufficient and missing in 15% of contacts.
Infants who had ED contact, were easily hospitalized. However, PICU admissions were
rare.
Characteristics and outcomes of children that were evaluated, but
not transported by ambulance
Non-transportation in EMS contacts with children were common and proportion var-
ied across subpopulations. The missions were mostly dispatched as non-urgent. The
following were the most frequent dispatch categories among non-transported children:
”low-energy fall”, ”dyspnea”, and ”sudden deterioration of medical condition”. The
number of non-transported patients that contacted ED after the EMS contact, varied
from 54 % in pediatric seizure patients to 17% in unselected pediatric population. The
unscheduled visits of non-transported patients were, however, rare. Also, adverse out-
comes after non-transportation were uncommon. The high non-transportation rate may
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indicate the changing role of EMS contacts in fulfilling not only health-related, but also
other needs of families with children.
Identifiable risk factors for secondary outcomes in EMS contacts
with children
Following factors were associated with unintended ED visits in pediatric non-transported
population: dispatch codes ”dyspnea”, ”vomiting /diarrhea”, or ”mental illness”, younger
age, night shift of EMS personnel, and time around 22:00. On the other hand, dispatch
codes ”low-energy fall” or ”allergic reaction” were associated with less visits.
In infants, following untoward associations were established:
• medical state other than good was associated with dispatch codes ”dyspnea” and
”seizure”, and previous P- or Q-category ICD-10 diagnosis
• medication or respiratory support at ED were associated with dispatch codes ”dys-
pnea”, ”seizure”, ”allergic reaction”, nighttime and older infants
• hospitalization was associated with dispatch codes ”dyspnea”, ”seizure”, ”urgent
dispatch before symptom code known”, previous P- or Q-category ICD-10 diagno-
sis, night time and younger infants
• PICU admission was associated with dispatch codes ”dyspnea”, ”urgent dispatch
before symptom-specific code known”, previous P- category ICD-10 diagnosis,
younger infants, and previous EMS contact within 72 hours
• surgical procedures were associated with dispatch codes ”choking”, previous EMS
contact within 72 hours, older infants and afternoon
Also, positive associations were noticed among infants:
• EMS personnel omission of vital-sign documentation and dispatch codes ”low-
energy fall” and ”choking” were associated with better medical condition on arrival
at ED, less medication or respiratory support and hospitalization
• dispatch code ”slow deterioration of medical state” was associated with less hospi-
talization
• dispatch codes ”dyspnea” and ”low-energy fall” were associated with less surgical
procedures
• dispatch code ”low-energy fall” was associated with less PICU admissions
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Whether and how COVID-19 pandemic and restrictions designed
to curb it impacted OOH emergencies in pediatric population
during the first wave
The number of EMS contacts with children decreased during the first wave of COVID-19
pandemic. However, children seemed to be more ill and the proportion of dispatch and
transportation in the most urgent priority A category rose remarkably. Also, additional
assistance and MICU were more often requested to the scene. Moreover, EMS personnel
encountered more dead children on-scene during the study period than during the control
periods, although the difference did not reach the significance level due to rarity of
death in pediatric population. The proportion of patients not transported to ED rose
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